INTRODUCTION
A number of retrograde filling materials have been tested for sealing the root canal. These materials include amalgam, reinforced zinc oxide-eugenol cement, and glass-ionomer cement.
Clinical results in using amalgam is reported to have a 58.7-86.4% success rate1-6), while that of Super-EBATM is 65.4-86.4%1,3,6). Chem-Fil(R)4) is reported to have an 87.8% success rate.
These clinical results are affected by many factors such as preoperative and operative conditions and methods.
As to why they do not achieve good healing, one suggested reason is that the sealing capacity of the retrograde filling materials is insufficient.
After using amalgam, reinforced zinc-oxide eugenol cement, and glass-ionomer cement for rootend filling, in vitro studies on dye leakage were carried out. It was found that, if it were over a long duration, application of these materials did not completely inhibit dye leakage7-14).
Various in vitro studies have reported that good apical sealing was achieved by resin15-17). Vignaroli et al.17) reported that applying bonding agents to the resected root-ends led to good apical sealing because of sealing of both the root canal and dentinal tubules.
Not much research has been devoted to evaluating the clinical results of the use of adhesive resin for root-end sealing after apicoectomy.
Only Rud et al. reported good results using Gluma and RetroplastTM18-21).
However, glutaraldehyde is included in Gluma, so there is concern about the possibility of harmful effects on the human body. Furthermore, contamination with blood of the resection surface during the application procedure causes inferior bonding and a risk of resin loosening. Resin is known to be sensitive to moisture during application. Therefore poor clinical results will arise when hemostasis is difficult to achieve intraoperatively, especially when failures in conjunction with poor hemostatic control during treatment have been evident18).
4-META/MMA-TBB resin has been widely used in orthopedic and prosthetic dentistry.
It has shown remarkable adhesive properties to dentin in vitro and in vivo22-24). Other favorable properties include little cytotoxicity, high level polymerization under wet conditions, and high biocompatibility after complete curing25-27). It was biocompatible and the sealing ability unaffected by contamination with blood for about five seconds after application27).
So it seems to be also suitable for use in periodontal tissues.
Thus it has been used for retrograde root sealing following apicoectomy or intentional replantation28,29), as well as the bonding treatment of vertically fractured roots30-32).
Clinical studies have suggested that 4-META/ MMA-TBB resin might seal vertically fractured roots and prevent re-fractures in the bonding treatment30-32). It was reported that 4-META/MMA-TBB resin used as a root-end sealant following apicoectomy and intentional replantation induced a good prognosis at six months after surgery28,29). But an essential factor has not been looked into: the long-term adhesion between cementum and 4-META/MMA-TBB resin.
To be a suitable material in the bonding treatments of vertically fractured roots and root-end sealing, the adhesive resin must bond not only to dentin but also to cementum. (a) Fracture modes of cementum specimens (b) Fracture modes of dentin specimens The leakage values of dentin and cementum increased until the third month and then remained fairly constant until the sixth month. At sixth month, the leakage value was about 15% in the 3-mm-diameter specimens.
In the dye leakage test, leakage is identified by the permeation of dye molecules in the gap between resin and dentin.
The gap could be formed due to curing shrinkage of the resin or degeneration of the adhesive interface. It is known that polymerization continues for 4-META/MMA-TBB resin for about one month48,49). The continuance of polymerization expanded the contraction gap, hence the leakage quantity increased. However, the gap did not seem to expand during the last two months of the experiment -as indicated by the stabilized leakage values.
Through the micro-tensile and dye leakage tests, this study has shown that for both dentin-resin and cementum-resin bonds, the declining tendency of adhesive strength was not significant after the first 2-3 months.
This means that it is highly likely that adhesion would remain strong and durable for a long term. Based on these test results, it seems promising that 4-META/MMA-TBB resin would be clinically effective for the bonding treatments of vertically fractured roots and root-end sealing following apicoectomy, in which bonding to cementum is necessary.
CONCLUSION
From the results of micro-tensile and dye leakage tests, it became clear that the adhesion between 4-META/MMA-TBB resin and dentin or cement decreased for 1-3 months, and then stabilized afterwards.
During most of the observation periods, no significant differences were recognized between dentin and cementum. 
